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INT’LUENCE O F  TERRESTRIAL ROTATION ON THE CON- 
DITION O F  THE ATXOSPHEEE AND OCEAN. 

By J. w. SANDSTR~IY. 
[Dated, Statem Meteorologlskfi CPmtraladalt, Stookblm, July 80,1914.1 

1. 

The more one seeks to com rehend the atmospheric 
and oceanic phenomena, so muc E the more does terrestrial 
rotation come prominent1 to the front as one of their 
most important causes. fndeed, its effects appear in a 
very puzzling and peculiar manner, since numerous phe- 
nomena are quite inverted by reason of the terrestrial 
rotation. If the earth were at rest the atmospheric pres- 
sure a t  sea level would increase with increase of latitude, 
whereas on our rotating earth almost the opposite is the 
case. On a stationary earth warm light air would ascend 
to higher levels and cold, heavy air would sink down- 
ward, whereas on the rotating planet the opposite - 
air of cyclones is cold and specifically heavy, while the 
descendKO air OF anticyclones is warm and specifically 
light. 

It is no easy matter to clearly understand the actual 
method of action of the earth’s rotation. I think this is 
due primarily to the fact that man is not provided with 
any sense that enables him to appreciate this rotation. 
From childhood on we are accustomed to regard the 
visible portion of the emth’s surface as at rest. To be 
sure, we all lmow that the earth does really rotate and 
wo can imagine this, but we have no sense by which to 
feel it. At times, perhaps, some industrious astronomical 
observer has had an occasional illusion of a rotating earth; 
but this true reality must have impressed him as an unreal 
deception. On the other hand, the constant deception 
that the earth is a t  rest, a!though it is really rotating, 
impresses the observer as being the true state of affairs. 

Under these conditions it is indeed very natural that 
even the effects of the earth’s rotation should appear for- 
eign to us. In  order to deduce them one must employ 
Coriolis’s Theorem.’ Undoubtedly this is adequate to 
compute all the consequences of terrestrial rotation, but. 
its application’ is not simple and this, I believe, is 
because the results impress us as strangely as does the 
fact of terrestrial rotation itself. For example, Coriolis’s 
Theorem enables one to understand why, in the cyclone, 
specifically heavy air has a tendency to ascend and to 
compute the force that drives it upward. But the com- 
putation is distasteful to us, and we draw the inference 
that the calculation is erroneous because the results ap- 

ear so contrar to what we espected. On the other 

robably find it very natural that specificall heavy air 

cedure is more frequent since, as a rule, the ascen 1.“ ing 

Eand, a being w K o can feel the terrestrial rotation would 

{as a tendency to ascend and specifically E ‘ght air to 
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descend. That person would find it easy to apply Corio- 
lis’s Theorem, because the resulting conclusions would be 
in harmony with his sensations. 
This lack in the human senses seems to me to be one 

of the most serious obstacles to the introduction of 
dynamic methods in practical meteorolo and h drog- 
raphy. It is a simple matter to record t%re a c t u s  con- 
dhons and their changes, as well as to work u the 

points of view. But as soon as one attempts a near 
observational material already collected from di I erent 

ressure is intimate k y related to that of 
{eat. It is also generally conceded that i 

approach to the inner relationshi s of the 

grounds for assuniin that t e distribution of 
enormous difficulties sprinf up. %hug, we 

mental relationshi could be formulated urel practical 
meteorology wouli be greatly benefited: ‘At At glance, 
also, the task seems to be very simple; if the air is 
warmed anywhere there it becomes specifically light and 
no longer presses so heavily upon the underlpng surface. 
In  consequence the d r  pressure decreases, 1. e., a baro- 
metric depression is formed. This simple and clear con- 
sideration holds true for the conditions of the equatorial 
region between the horse latitudes where terrostnal rota- 
tion has little influence, but it does not at all ap ly in 

atmospheric pressure generally occurs precisely where the 
air is cold and specifically heavy (that is in the cyclones) 
antl conse utmt1-y ought to be pressing most h e a d y  upon 
the under 9 ying surface. This paradox is all the more 
esasperat.ing because it seems to be quite uncalled for. 
Consequently we content ourselves with reportin the 

and are not w i k g  to suggest an explanation. 

the higher latitudes. In  these latter regions the P owest 

problematical henomenon which contradicts all 7 ogic, 

2. 

I think that the detailed reasons above iven make it 

gases and liquids. Thus far I have found the best means 
to be hydrodynamic experiments with 
These experiments present in an 
manner some of the most 
nomena of air and sea, 
their causes because we are able to sense the rotation. 
For this reason such esperiments should be employed to 
demonstrate to university classes the influence of the 
earkh’s rotation upon atmos heric antl oceanic prqcesses. 

While perfornunp and d!scussing these experiments 
one is soon led to a line of thought different from that of 
Coriolis, much more limited to be sure, but one that in 
many cases explains the rocesses in a simpler and less 

experiments from two different standpoints, both of 
which are useful. On the one side we may imagine that 
a very small intelligent individual is on the rqtatin 

observational power that he can not recognize the rota- 
tion of the vessel. To such a small individual many of 
the processes in the vessel would appear extraordinarily 

of s ecial importance to utilize any possib f e means that 
can !l elp to visualize the effect of terrestrial rotation upon 

constrained manner. In B eed, one may consider these 

vessel, a being of such small size and of such h i t e  d 
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problematicd. For example, b experiments carkied 

specificall lighter than their surroundings will strive 
upward; h t  would find just the opposite rule when he 
regards the conditions in the vessel on a large scale. At 
h t  he would think his observations were incorrect or 
affected by local influences; gradually, however, the ob- 
servations would be confirmed. Eventually numerous 
observations would lead him bv indirect ways to the 
conclusion that the vessel probably has a rotating motion 
and then mathematical reasonin would enable him to 
determine how this new fact ha 8 influenced the con&- 
tions. Thus he would have deduced Coriolis’s Theorern, 
and finally by applying that theorem he would succecd in 
satisfactorily explaining several of the observed pecu- 
liarities. . 

The second standpoint regards the rotating vessel 
from without and observes the phenomena taking lace 

rotation of the vessel, that rotary movements redomi- 

the simple and comprehensible laws and experiments 
relating to centrifugal force. Much that appeared prob- 
lematical under the former point of view now appears 
quite natural. 
On a plying to the earth the first method of consiclera- 

individual of defective senses is represented by man 
himself. The second method of consideration presents 
matters as they would appear to an obseryer outside of 
the earth studying the processes of the atmosphere and 
the oceans from such a position. He would see a series 
of grand vorticular motions to which he would apply the 
principles of the law of centrifugal force. The advan- 
tage of this method of consideration consists in the fact 
that one may thereby see and judge of the whole abso- 
lute motion and the associated forces without any inter- 
mediary. In  t,he former method one is concerned with 
two motions: The relative motions of the atmosphere 
or of the ocean wnt,er, as referred to the earth’s surfnce, 
and the motions of the earth’s surface as the result of its 
rotation. The compounding of these two motions and 
of the forces that bring them into existence is not always 
a specially easy problem. Nevertheless, so long as nian 
possesses no external sense by which he c m  feel the earth’s 
rotation, Coriolis’s Theorem will be indispensable for 
him, and the hydrodynaniic expcrinients with rotating 
vessels will be an escellent means of beconiing practi- 
cally ac uainted with this law. The experiments should 
be consi 1 ered first from the second or absolute point of 
view and then immediately transferred to the first or 
relative standpoint. By this comparison of the two 
methods one will gradually acquire the ability to intui- 
tively take immediate account of the effect of terrestrial 
rotation when discussing the relative movements that we 
observe on the earth. I desi ate this acquirement as 
one of the most important ogects of the present dy- 
namic meteorology. 

3. 

In order to demonstrate this comparative method of 
discussion I need describe only a single experiment. 
Suppose it be desired to present experimentall the heap- 

there 18 provided a vessel of the dimensions 30 x 10 x 10 
centimeters having its longitudinal walls of glass. This 
vessel is d e d  to a depth of about 3 centimeters with 
fresh water, and then an equally deep layer of salt water 
is [gently] mtroduoed beneath the fresh water. One of 

out on a small scale he would fm B that liquids and gases 

there. In this case it would appear as a result o P the 

nate therein, movements to which one can direct s y apply 

tion, t R at of esperimenttttion, the small, intclligent 

ing up of the warm ocean water in the horse F atitutles- 

the water strata is colored with ink so that the form of 
its surface can be readily observed. Now, with the aid 
of a pair of bellows, a tube and the perforated spout 
of a watering pot, we direct a current of air down upon 
the water surface as indicated in figure 1. 

At once it becomes clear that the bounding surface 
bctween the two strata of water bulges upward beneath 

FIQ. 1.--Effect of radially directcd winds upon a system at rest. 

the downward current of air; this is a natural result of 
the air blowing down upon the surface water and driving 
it toward the two ends of the vessel. We now place the 
ressel of WR ter upon a rotatory table and set the table with 
the vessel in slow rotation allout a Ferticnl nxis by means 
of a rotator. On blowing down upon the water surface 
as before, we find that the bounding surface of the two 

1 1  
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FIQ. 2.-EUect of radlally directed winds upon a rotatlng system. 

layers does not bulge upward at  a point beneath the s out 
but, on the contrary, is depressed as showniiifigure3. {’his 
hea ing u of the surface stratum beneath the air current 
is o&iousf!y associated intimately wibh the rotation of the 
vessel. From the esperiment one readily concludes that 
the heaping of ocean water under the horse latitudes is 
the direct result of the earth’s rotation in combination 

J 

Fro. 3.-Relative motion of radlally dlrected winds at the surface of a rotating system. 
(Vlewed from above.) 

with the anticyclonic atmospheric conditions prevailing 
there. 

We may now endeavor to ex lain this phenomenon 
from the point of view of the sm 8 1 ima.gina %bang that 
was cited in Section 3. This being observes t e air move- 
ment relative to the rotatinv vessel and perceives that 
the air blows spirally outwadfrom a center. (See fig. 3.) 
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This air movement produces also an antic clonal circula- 

force this rotation comes into action and drives the water 
toward the right hand; in other words, it presses toward 
the center and the water heaps up at  the center. 

From the second point of view we see at once that the 
vessel is in rotation and then that there is air blowing 
radially from a cenhral point u on the water surface. 

rotation as the vessel itself, but the rotation of the sur- 
face water is hindered by the radial air currents, so that 
this surface water moves somewhat more slowly than does 
the vessel. Accordingly the centrifugal force of the lower 
water stratum exceeds that of the u per. Hence the 

collects in the center. 

tion in the water, whereby on account o 9 the deflective 

(See fig. 4.) The lower stratum % as the same velocity of 

lower water is forced outward while t rl e upper stratum 

the second or absolute method of consideration to hy & o- 

4. 

Thii example presents the difference between the two 
methods of consideration. When it is desired to ap ly 

logic and meteorologic processes, one must first of all recall 
that, in consequence of the earth’s turning about its axis, its 
surface is everjwhere in cyclonic rotation and that ita veloc- 

z 

Rcr. I.-AbmIute motlon of radially dirocted nfnds at tb m h e  of L rotsting system. 
(Vleaed from above ) 

ity of rotation is determinable b the Foucault Pendulum 

w, then the an,gular velocity of any point on the earth’s 
surface is ursin4, where is the geographic latitude of the 

complete one rotation amounts to 24/sin+ ’hours. These 
reflections show that air that is apparently a t  rest actu- 
ally possesses a considerable cyclonic circulation; i r  fact 
ewn the air caught in the familiar anticyclonic whirl 
actually possesses a cyclonic rotation. Accordingly it is 
clear t,hat air a arently a t  rest is exposed to a consider- 
able centrifugaf force which is reinforced under cyclonic 
conditions and wcakened under anticyclonic circulation. 
These facts explain completely the temperature distribu- 
tions found unthin cyclones and anticyclones. In  a cy- 
clone the c~-clonic rotation a t  first increases with altitude 
until at a certain height it attains its maximum, above 
which height the rotation suffers a dinliution upward. 
The Centrifugal force of t,he air is greatest a t  that level 
where the cyclonic rotation is strongest; hence at this 
level the air IS driven most strongly outward, while below 
this level consequentljr the air is drawn upward and above 
this level it is drawn downward. Therefore, the air under- 
goes dynamic cooling below the level of maximum cyclonic 
rotation and dynamic warmjng above that level. This is 

experiment. If the earth’s angu 9 ar velocity of rotation is 

place in question, and t t e time required by the earth to 

the origin of the temperature distribution that has been 
found in cylcones. In an anticyclone the anticyclonic m- 
tation has its maximum a t  a certain level where the ten- 
trifu a1 force is smallest, and from that level the centri- 

sequently, below this level the air will be drawn down- 
ward and above it will be drawn upward; therefore, below 
this level the air will be warmed dynamically and above 
it will be cooled-deductions that agree with the ob- 
served tem erature-distribution within antic clones. 

phere in middle and higher latitudm forms a gigantic 
polar cyclone. Now this west-east drift has its maxi- 
mum at a certain l e d  and diminishes both upward and 
downward therefrom. At the level of the maximum 
drift the centrifugal force is the greatest; below that level 
the air of the polar regions is drawn upward and above it 
the air is drawn downward; therefore, beneath this level 
the tem erature of the air at  the oles is lower than it is 

above the region of the poles than it is [at the same level] 
over the Equator. This agrees with recent observations 
made at great altitudes m t h  balloons and kites at the 
poles and the Equator. 
In Sweden certain summers, e. g., 1901 and 1914, have 

experienced long-continued dry weather that has been 
ver disadvantageous to agriculture. The sun burns in 

air temperatures are almost unbearable, rain is rare and 
irregularly distributed only as an accompaniment of 
s arsely scattered thundeistorms. Man is amazed to jind 

rise, for certainly it is considerably lighter than the air 
that overlies the countries bordering Sweden. On the con- 
trary, some tremendous power seems to be forcing the 
air down upon Sweden, apparently a ower f a r  greater 

gravity. To explain th i s  downward force it is but neces- 
sary  to assume that at some distance above [the earth] 
there is an anticyclonic [atmospheric] circulation around 
Sweden. The centrifugal force of the air is greater near 
the earth’s surface than it is at  some distance above, 
and therefore the air being thrown out in all directions it is 
strongly drawn down over Sweden. Hence the cloudless, 
rainless sky, the strong insolation, and the high air tem- 
perature. To explain the whole phenomenon, it is 
sufficient if west winds prevail in northern Scandinavia 
and easterly winds in southern Scandinavia. It is but 
a direct and simple consequence of the meteorological 
conditions over the North Atlant-ic on one side and 
southern Europe on the other. 

We ma explain the pressure distribution within cy- 
clones anc 9 anticyclones as follows: In  the cyclonic circu- 
Iation of the atmosphere the centrifugal force is reinforced, 
and consequently barometric depressions are formed as in 
the familiar case of vortical movements at the surface of a 
body of water; on the other hand, in anticyclonic circula- 
tions centrifugal force is weakened, permitting a conse- 
quent increase of air and of pressure. This point of view 
makes many hyclrographic processes also easily under- 
stood. Thus, in the horse latitudes the surface water of 
the Atlantic ocean is driven around in an antic clonic 

the bottom layers which lie in the depths of the Atlantic 
Basin and rotate with the rigid earth. The bottom layers 
of the Atlantic are, in consequence, driven laterall out- 
ward toward the rim of their basin more strongly dan is 

fuga P force increases both upward and downward. Con- 

As is we1 P known, the wes teaa t  drift o P the atmoa- 

at the 8 quator, while above this P eve1 the air is warmer 

a s l y that is perfectly free of clouds; day and night the 

t R at this highly heated air does not acquire a tendency to 

than the ascerlsional force due to the d’ Ji erence in specific 

circulation by the pxevailing winds. Conse uent 9 y, this 
surface water possesses a weaker centrifuga 1 force than 
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Alhaluela ....._............- 
Colm ..........._............ 
Culebra ._................_.. Cristobal (dock)a.. ._._...... 

the surface water. The result is that the warm surface 
water in the center of the anticyclonic whirl, the Sargasso 
Sea, is there drawn downward until it reaches even the 
greatest depths of the Btlantic. 

In  the central region of the Sk errack one alwa finds 

the surface water is relatively warm in summer and fa 1 
one meets, at depths of 5 or 10 metem, with water having 
a temperature but a few degrees abovo 0°C. Along the 
shores of the Skagenack, on the other hand, this cold 
water is not met mth  until considerable depths have been 
attained. It thus appears that there is a bulging up of 
the cold water in the bkagerrack. Now, it is known that 
the surface water of the Slragerrack has a pronounced 
cyclonic circulation, since there are tu70 currents, one of 
which comes from the North Sea, huggin the Danish 

southern coast of Norway. The cyclonic movement of 
the surface water, thus produced, sianifies an intensified 
centrifugal force of the same where% the water of the 

upward. 
It would be easy to multi ly such examples, but I shall 

in the methods I have described. They are easy to 

the cold bottom water at  a very P s ight depth. d i o u q l ;  

coast, the other flows from the Baltic f ollowing the 

lower strata in the center of the S z agerrack is drawn 

leave that to those readers o P this essay who aro interested 

By Hofrat Prof. Dr. JUIJUS VON HANN. 
[Presented to the ImperIal Academy of Sciences, VIenna, Mar. 26,1914.1 

For a number of years I have received regularly from 
the Chief En  'neer at Culebra, Canal Zone, and a t  the 

g.%, a manuscript copy of the bihourly readings of 
the meteorolo cal elements (pressure, temperature, and 

I felt to a certain extent honor bound not to ermit 
these valuable copies, which are sent to a ve fmited 

ose to communicate the results of my computations. f have taken the mean hourly pressures for four or five 
years at Alhajuela, on the &o Chagres about 10 kilo- 
meters above Gamboa, from an esisting publication.a 
The stations and their geographical coordinates are 
given in the following table: ' 

estion o P Prof. Cleveland Abbe, of Washington, 

relative humi $ its) for the stations in the Canal Zone. 

number of persons, to lie unused, and there '9 ore pro- 

Inland ......._.._. 1 9 12.3 I 79 37 8 140 
4 Atlnnticcoast ..... I 9 n 

P&ificinland ._.__ I 9 03 79 39.3 I ('\&I 
.... do.. -. ..._.... 9 21.1 j Z E:: I 

I 

1 The present Important paper is a translatlon of the following: 
Hmn. J. v. Der tiiglkhe Can der meteorologlsehen Elemente am Panamb'sanal. 

Vorgelegt in der Sitzung am 20. hiirz 1914.) Aud drn Sitzungsb. d. KaIserl. Akad. d. 
&kens. in WIen,Yath.-naturw. Fl JInner 1914,128: lil-204. Wen. 1914. 31 p. 8". 
s Abbot, H. L. Hoiulg climatic 'kcords on the Isthmus of Panama. YONTELP 

WEATEEB REVIEW Washington June 1904 8) :  2Gi-151. 
Prof. Hann ad&ted the follo&ng cdordi&ates and altltudea for his work 

Ancon latitude Bo 57' norW longitude i 9 O  31' wcsk altitude 28 meters. 
Culebr; latlt.iid~ 9' 02' north Iongltudl iB0 40' north; aititii6e. 1% meters. 
Albajueia, latitude, 9. 12' north; longitude, 7!P 37 west; altitude, 44 meters. 
Colon or Crutobal, latitude 9- 22' north; longitode, i9O 55' west; altltude, 10 

metara. 
But he stntes explkltl that these are only ap roximata s h o  they were not given 
i the publications avsi&b!e to him, and he d t o  estima)i thep lrom a very small 
Uetrh map in the Proceedings of the Ameriran Society 01 Civil bngmeers New 1 ork 
January, 1913, SS, no. 1. T w e  is no svious dlserepancy between the twos& of figures: 

Culebra mateorol3~ical station was dwontlnued September 12 1914. 
Ancon statloa waq m o d  to the near-by Balboa Heights, altdude of barometer CIS- - 118 f&, OOtOber 1, 1914.-[C. A., Jr.1 

This table is based on data furnished October 27,1914, 
in a letter from George W. Goethals, Governor of the Pan- 
ama Canal. A sailing chart of the Canal' is now avail- 
able. 

The mean pressures are not corrected for gravity, 
but they are reduced to sea level. The barometer cor- 
rection is also given for Alha'uela and was used by me 

ings are robably also corrected since the yearly means 

for the latter station are not in good agreement with 
those for the other stations. This is probably due to 
the fact that the means are for other series of years 
(1900-1904, in part for 1699-1903; while my stations are 
for 1907-1913 or 190s-1913, with a few gaps). In  
order to better judge of the causes underlying the monthly 
differences in the dail march of the meteorological 

means of the meteorological elements before discussing 
their daily march. The conditions of wind and rain are 
particularly important. 

in calculating the mean. T i  e ot,her barometer read- 

agree wit fl those for Alhajuela; but the monthly means 

elements, i t  will be we I 1 to consider first the monthly 

MONTHLY MARCH OF THE ELEMENTS. 

The highest mean tern erature and maximum atmos- 
pheric dryness occur in d r c . h  and April; the lowest tem- 
perature occurs in November. 

From May to December, inclusive, 
humidity is uniform1 high. January to 
are dry. Colon on t E e Atlantic coast is 

3.7 per cent, Cu 7 sbra but 3.3 per cent, and Colon 5.5 per 

Paci R c slope the principal rainy months are May and 

and the number of rain days ? or the period to which the 

moister . 
Rainfall increases from t,he Pacific litoral to the 

Atlantic coast (Ancon has 181 centimeters, Colon 318 
centimetors). From January to March, inclusive, it is 
very dry; durin these three months Ancon receives but 

cent of the respective annual rclinfnlls. April is the 
transition period to the rainy season, with 4 per cent, 
3.4 er cent, and 3.3 per cent, respectively. On the 

October and November. On the Atlantic coast a t  Colon 
the rainiest months are July and October. In  the case 
of Alhajuoln I have also corn uhcl the average rainfdl 

daily pressure march corresponds. 
4 IsthmIrn Cam1 CommIsslon. "Chart of the Panama Canal 1904-1914. . 

Scale 1:40,000. Lalltudes and longitudea are hrlsed on the I'mama-bolon datum adodtpd 
In 1911. [U. S. l1.ydrograph.k Office.]" This chart is issncd In two sheets, and Ia 
Intended to serve for the navigstlon on1 of the canal; it gives no reliable topographic 
inlormation beyond gaeral outlines a d d o e s  not extend to Alhajuela.-[c.A.,jr.j 


